This is the first study to assess fungal diversity and mycotoxigenic fungi in open recirculating coolingtower (CT) water systems (biofilm and water phase). The production capability of mycotoxin from fungal isolates was also examined. The mean fungal count in 21 different water and biofilm samples was determined as 234 CFU/100 mL and 4 CFU/cm 2 . A total of 32 species were identified by internal transcribed spacer (ITS) sequencing. The most common isolated fungi belonged to the genera Aspergillus and Penicillium, of which the most prevalent fungi were Aspergillus versicolor, Aspergillus niger, and Penicillium dipodomyicola. From 42% of the surveyed CTs, aflatoxigenic A.
INTRODUCTION
Cooling-tower (CT) water systems are present in most factories, hotels, business centers, shopping centers, and residential homes. These systems are used to dispose of excess heat generated by air-conditioning systems, telecommunication devices, power plants, and other industrial systems ( Figure 1) . CTs are used repeatedly in water circulation systems to reduce water consumption in various fields of industry. In the process of reducing the water temperature, evaporated water is replaced with added water, usually from the municipal water supply. In open recirculating CT water systems, water is directly exposed to the atmosphere so that heat is transferred into the air. The presence of water, nutrients, and various pH and temperature zones provides a suitable environment for microbial growth. Microorganisms such as bacteria, fungi, algae, and protozoa can enter via the added water or air into the water system and form a biofilm layer on the inside surfaces of the CT (Choudhary ) . Studies concerning CTs directly connected to municipal water systems have primarily focused on the prevention of bacterial colonization or the reduction of the bacterial-protozoal load (Canals et al. ) . The literature has noted that fungi can be found in cooling processes; however, there has not yet been comprehensive research on this (Morrell & Smith ) . A few studies have focused on wood deterioration caused by micro-and macro-fungi in CTs made of wood (Morrell & Smith ; Schmidt et al. ) . It has also been reported that fungi cause clogging in the pipelines of systems and they also have a corrosive effect on surfaces made of steel (Samimi ) . Although fungi are significant constituents of man-made water systems, there is no recommended limit for fungal load. To the best of our knowledge, this is the first study to evaluate fungal diversity and mycotoxigenic fungi in open recirculating CT water systems.
The aims of this study were: (1) to determine fungal biodiversity in CT water systems (in the water phase and biofilm) connected to a municipal water system; (2) to identify the mycobiota by molecular and morphological methods;
and (3) to determine the production capability of aflatoxin and ochratoxin by examining the secondary metabolite profiles of fungal isolates. were calculated. Then, the colonies were subcultured on potato dextrose agar (Oxoid) slants and stored at þ4 W C.
METHODOLOGY

Biofilm sampling and fungal isolation
Biofilm samples were scraped from surfaces of 10 cm 2 using a sterile scalpel and were then suspended in 10 mL sterile tap water by vortexing (Gagnon & Slawson ) . Homogenates were serially diluted from 10 À1 to 10 À3 . Diluted samples of 1 mL were spreadplated and duplicated onto SDA plates with streptomycin and incubated at 25 W C for 7-10 days. After incubation, the fungal colonies were counted and CFU per square centimeter (CFU/cm 2 ) were Therefore, the fungal isolates that showed different metabolite profiles were selected for molecular identification.
Molecular identification of fungi
Selected fungal isolates according to differences of secondary metabolite profiles were inoculated into malt extract agar and incubated at 25 W C for 7 days. Genomic DNAs were extracted from the pure cultures using a microbial DNA isolation kit (Ultraclean Microbial DNA Isolation Kit, Mobio Laboratories, Inc., USA) following the manufacturer's instructions. The standard gene regions that were the internal transcribed spacer (ITS) regions of the rDNA genes were used for molecular characterization. These regions were amplified using the primer pairs V9G, 5 0 -TTACGTCCCTGCCCTTTGTA-3 0 (forward) and LS266, 5 0 - 
RESULTS
Distribution of fungi in water and biofilm samples
Fungal counts in the 21 CT water samples counted ranged from 21 to 1,070 CFU/100 mL. The highest fungal count was detected in CT 4. Fungi could not be detected in one of the CT water samples (CT 21). In the biofilm samples, fungal counts ranged from 1 to 12 CFU/cm 2 . The highest and the lowest fungal counts of biofilm samples were detected in CT 10 and CT 15, respectively (Table 1) .
The values of the water temperature ranged from 20 to 33 W C (mean 28 W C) and the pH values ranged from 7 to 9 (mean 8). The ages of CTs ranged from 1 month to 16 years ( Table 1 ). The Spearman correlation coefficient test indicated no significant relationship between fungal counts (in water and biofilm) and the above parameters (temperature and pH), respectively (p ¼ 0.116, r ¼ À0.353 in water/ temperature; p ¼ 0.788, r ¼ À0.063 in biofilm/temperature; p ¼ 0.074, r ¼ À0.398 in water/pH; p ¼ 0.244, r ¼ À0.266 in biofilm/pH). A positive correlation between fungal concentrations (in water and biofilm) and age of CTs (p ¼ 0.023, r ¼ 0.495 for water; p ¼ 0.027, r ¼ 0.481 for biofilm) was determined.
Thin-layer chromatography
Fungal extracts belonging to the same species showed identical or similar secondary metabolite profiles. The results revealed that 68 out of 224 isolates showed different metabolite profiles, and these isolates were selected for molecular identification. On the other hand, when the metabolite profiles of all isolates were compared for production capability of OTA and AFs (B1, B2 and G1, G2) with mycotoxin standards, 14 isolates (5%) were determined to be capable of aflatoxin producing AFs (B1, B2). These 14 aflatoxigenic
Aspergillus flavus were isolated from nine different towers (CT 3, 8, 9, 13, 16, 17, 18, 19, and 20) . While 11 of 14 aflatoxigenic A. flavus isolates were identified from water samples, three of them were isolated from biofilms. Aflatoxigenic A. flavus isolates were identified from both biofilm and the water samples of CT 16 and 17 ( Table 2) .
Identification of fungal isolates
A total of 224 fungal isolates were subcultured, 141 and 83 fungal colonies from water and biofilm samples. Of these, 68 isolates were selected for molecular identification, carried out using DNA sequencing (ITS region). Comparing the results of morphology and molecular identification, a total 32 species were identified belonging to 15 genera by ITS-PCR, while a total of 18 species were identified belonging to 9 genera by classical culture methods (Table 2) .
Fungal diversity in molecular identification was higher than in morphological identification. When the morphological identification results are examined in (Table 1) .
Meteorological parameters such as wind, rainfall, and also vegetation are associated with fungal growth and dispersal in air. In winter, the temperature is too low for fungal development and also there is less food available.
Therefore, airborne fungi are more abundant in autumn than winter in Turkey because of the favorable conditions (Aydogdu & Asan ) . Seasonal aeromycoflora levels could affect the CT contamination levels because CT is directly exposed to the atmosphere so that airborne fungi may contaminate the water. Therefore, we suggested that CT 2, 5, 6, 7, 8, 9, 10, 12, 16, 17, 20 to determine the CT contamination levels, sampling should be performed at monthly intervals during the year.
The age of CTs can also be associated with fungal counts.
This explains why older towers (i.e., CT 4) have higher fungal These differences may be explained by different approaches:
(1) different usage of disinfection procedures at the municipal water system, (2) the age of the water-distribution systems, and (3) the influence of temperature and pH conditions. All the above factors are important for fungal deposition and growth. Although municipal water is chlorinated, it is considered that the level of free chlorine decreases in the water as the water flows through miles of pipelines. The chlorination is thus not sufficient for the eradication of microorganisms. Moreover, the concentration of chlorine used for disinfection and the variation in the disinfection periods may cause serious modifications in the type and number of microorganisms. Siqueira & Lima () reported that while free fungal spores were susceptible to high concentrations of free chlorine, fungal biofilms were resistant. However, additional studies have reported that fungal spores are much more resistant to chlorine than are biofilm or fungal mycelia ( • The counts of fungi recorded in the water samples ranged from 21 to 1,070 CFU/100 mL and from 1 to 12 CFU/ cm 2 in the biofilm samples.
• From the 224 fungal strains isolated, 32 species were identified, belonging to 15 genera, as identified by ITS sequencing.
• The most common isolated fungi belonged to the genera Aspergillus and Penicillium, of which the most prevalent were A. versicolor, A. niger, and P. dipodomyicola.
• Fourteen aflatoxigenic A. flavus strains were isolated from 42% of surveyed CTs. 
